We show the latest results from the CDF and D0 collaborations on the study of the Higgs boson, stemming from the analysis of the entire Tevatron Run II dataset. Combining the results of many individual analyses, most of which use the full data set available, an excess with a significance of approximately three standard deviations with respect to the Standard Model hypothesis is observed at a Higgs boson mass of 125 GeV/c 2 . The Tevatron unique environment allows in addition to study for the first time the spin-parity hypothesis of the Higgs boson in events where it decays to quarks. Within the current experimental uncertainties, the newly discovered boson behaves as expected by the SM in the fermionic sector.
Introduction
The understanding of the electroweak symmetry breaking mechanisms represents a crucial step toward the completion of the Standard Model (SM) of particle physics, or toward its definitive dismissal to a low energy limit of some grander theory. This is the reason why the postulated Higgs boson [1] has been sought after for the past 40 years at particle colliders, at ever increasing collison energy. The Tevatron collider produced the highest energy particle collisions up to 2009, and kept colliding protons and antiprotons until collecting approximately 10 fb −1 of data in 2011. Thanks to the distinctive proton-antiproton initial state, the CDF and D0 experiments provide unique physics to these days. In particular, the Tevatron has measured with unprecedented precision some of the most important quantity of the Standard Model; the precise measurements of the top quark mass [2] and of the W boson [3] have been used over time to increasingly refine the indirect constraints on the mass of the SM Higgs boson [4] . The latest such fits are shown in Figure 1 . Direct searches for the Higgs boson at the Tevatron have been performed for Higgs boson masses above the constraint set by the LEP experiments, leading to the first exclusion at higher mass range. The fourth of July of 2012, the ATLAS and CMS collaborations met the most significant milestone toward the search of the Higgs boson: its observation! [5, 6] . The new particle mass was measured to be approximately 125 GeV/c 2 , consistent with SM predictions. The discovery was based on the decay of the new particle to known SM bosons: γγ, ZZ, W + W − . At about the same time, the CDF and D0 collaborations teamed up to achieve the first evidence of the decay of the new particle [7] into quarks. In 2014, the CMS and ATLAS collaboration both achieved strong direct evidence of Higgs boson coupling to leptons [8, 9] .
These proceedings refer to the talk given by the author on the result above and on the subsequent studies of the Higgs boson at proton-antiproton collisions.
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The Search Channels and Strategy
The search for the Higgs boson at the Tevatron followed mainly a two-pronged strategy. At relatively low Higgs mass m H ≤ 135 GeVc 2 the most sensitive ways to probe for SM Higgs production is to focus on its associated production with vector bosons W and Z. Data is selected from trigger path firing in the presence of a high-P T charged lepton, or large missing transverse energy (M ET ) -consistent with the leptonic decays of a vector boson -and requiring offline the presence of one or more b-jets as identified by the b-tagging algorithm, as expected by the SM decays of a low mass Higgs boson. At high mass m H ≥ 135 GeV/c 2 , the dominant production mechanism gg → H is exploited, together with the dominant decay of the Higgs to pairs of W bosons in that mass region; the leptonic decays of both bosons allow for suppression of backgrounds, while limiting the amount of information that can be extracted in presence of a signal. To further increase sensitivity at masses at the edge of the "low" and "high" distinction, this analysis is expanded to include W H → W W W events in same-sign dilepton and trilepton final states.
In order to achieve sensitivity to SM production rates, an impressive amount of work went into refining the algorithms involved with every single piece of the analyses cascade: during Run II, the average sensitivity in each analysis channel improved by a factor 300%, thus corresponding to a tenfold increase in integrated luminosity. In particular, acceptance is increased by better control over trigger thresholds through machine learning techniques, inclusion of loosely identified leptons, increasing efficiency in b-tagging identification algorithms [11, 12] , complementing the identification of jets and missing transverse energy using information collected with the spectrometer in addition to the simple usage of calorimetric information [13] , usage of machine-learning techniques to isolate the signal over the backgrounds exploiting kinematic and topological differences between the Higgs and other SM process, as well as their different correlations. The latter approach has been used either in a straightforward way, with one single discriminant against the sum of the backgrounds, or using a multi-staged approach when in presence of backgrounds kinematically very different among among them.
In addition to the channels discussed above, the CDF and D0 collaborations performed analyses aimed at H → τ τ and H → γγ decays. As the sensitivities reported are significantly less than the ones described above, these results are not covered in this talk. Both for high-mass and low-mass analysis, the same techniques have been used to measure the production rates of the smallest backgrounds in the same channels, thus providing additional validation of the tools applied. For low-mass analyses, an obvious choice -albeit a difficult one -was to measure the W Z/ZZ production rates, in events where Z → bb and the other boson decays leptonically. These events mimic closely the Higgs signal. The CDF and D0 collaborations measured in combination a cross section σ(W Z + ZZ) = 3.0 ± 0.6(stat) ± 0.7(syst) pb −1 [14] in agreement with the SM expectation of 4.4 ± 0.3 pb −1 . An interesting process with low cross section and same final state of the W H → νbb is the s-channel of the single top quark production tb → W bb → νbb * . The discovery of this process [15] is based on the usage of the tools applied in the W H channel by D0 and CDF [16, 17] , and in the V H → M ET bb channel by CDF [18] . At high mass, the W W cross section has been measured with very large precision.
Higgs Properties from Tevatron data
The excess observed in Tevatron data has been analyzed in the hypothesis of pertaining to Higgs boson production, to infer on the nature of the Higgs boson itself. In particular, the excess has been compared to SM prediction to test for deviations with respect to its theoretical predictions; in particular, we report the measurements of the production rates, of the coupling of the Higgs boson to other SM elementary particles, and to the spin and parity structure of the new boson.
Production Rates and Couplings
Models with exotic couplings of the Higgs boson to other particles may enhance the production cross sections, the decay branching ratios, or the kinematic distributions of the signal. The overall production rate over SM prediction has been measured to be R = 1.44 The results for both fits are shown in Figure 2 . There is an excess in all analyzed channels. However, the main statistical significance comes from events compatible with the Higgs boson decaying to bottom quarks. Given that the LHC experiments do not see a large excess in the diphoton mass spectrum above SM Higgs production, while CDF and D0 do not expect to be sensitive to SM H → γγ, this excess should be interpreted as a statistical fluctuation of backgrounds. However, interpreting the global excess as signal will result in a shift in measured couplings. In particular, the H → γγ final state is the only probe at the Tevatron of Higgs couplings that are sensitive to the relative sign of the Higgs coupling to bosons and fermions † .
Spin-parity
Among the properties of the new boson that can be studied, are its spin and parity (J P ) structure. The ATLAS and CMS collaborations have tested non-SM spin-parity hypotheses using the H → ZZ, H → W W and H → γγ decay modes. The Tevatron data allows the unique exploration of the spin-parity structure in the H → bb decays. Different J P assumptions imply cross sections that rise with the velocity β of the Higgs boson, with the SM assignment J P = 0 + leading to a dependence of the cross section linearly on β, the pseudo scalar J P = 0 − hypothesis leading to a dependence on β 3 and a graviton-like assignment J P = 2 + leading to a dependence to the fifth power β 5 [20] . The two non-SM hypotheses thus predict large variations in the signal kinematics, that can be probed using existing data. The single most striking difference with respect to SM predictions would be present in the invariant mass of all visibile object, an observable that is a proxy for √ s. The D0 re-analysis of the same data used for the search for H → bb exclude the interpretation of the Higgs excess in the non-SM spin-parity hypothesis assuming SM cross sections, at approximately three standard deviations, for both the pseudo scalar and the graviton-like hypotheses [21] . The D0 collaboration After this conference, the CDF Collaboration released a similar re-analysis of H → bb channels to provide independent exclusions of non-SM spin-parity hypothesis using fermionic Higgs decays [22] at comparable sensitivities. Finally, CDF reanalyzed its data to search for invisible decays of the Higgs boson; these results are not competitive with LHC ones and are thus not discussed in detail here.
Additional Remarks
The results highlighted in this talk, show how the distinctive initial state configuration of the Tevatron collider allowed for exploration of the electroweak symmetry breaking mechanism in channels complementary to the ones explore at the LHC. It should be noted that it will be challenging to further improve LHC sensitivity to H → bb the coming run, unless new theoretical and technological advances are put forward. An alternative way to probe Higgs coupling to bottom quarks would be studying the production of the Higgs boson together with bottom quarks bbH. However, the analysis of this channel would likely be even more challenging than studying Higgs coupling to bottom quarks in the Higgs decays.
The Tevatron experiment leveraged on the better S/B ratio in the signature with b−jets and leptons to produce sensitive searches for new physics in the electroweak sector. One such example is CDF the search for an exotic W boson in the tb final state [23] . The selection of the leptonic decays chain of the top quark (W → tb → W bb → νbb) gives the same final state as in W H → νbb although with different kinematics. The analysis presented at this conference adds for the first time the events where the charged lepton has not been explicitly identified. An analysis that includes identified leptons has been approved after this conference and combined with the one shown here to provide the most stringent constraints on this model [24] . While a W with the same coupling as a SM W boson has already been excluded at intermediate masses (up to 800 GeV/c
2 ) with the Tevatron data, and beyond (≥ 800 GeV/c 2 ) by LHC data, the new result allow to set the tightest constraints on the coupling of this hypothetical new particle for W masses below 650 GeV/c 2 . A similar situation occurs for the search for a new neutral boson Z decaying to tt. Since this new particle does not couple directly to gluons, its cross section increases only mildly at the LHC energies, while the irreducible tt background increases at a much larger rate. A CDF analysis of the full Tevatron dataset searches for a resonant tt → ν + (b)jets setting the strongest constraints on Z couplings for masses below 750 GeV/c 2 [25] . The points highlighted above should be kept in mind in the scenario where new physics in the electroweak sector could manifest itself at relatively low energies in the next years. It should be thus clear how relevant is the ongoing effort to preserve CDF and D0 data and their access to future users.
Conclusions
In this talk we discussed the role of the CDF and D0 experiments in understanding the mechanism of electroweak symmetry breaking and mass generation for fermions. An excess consistent with the production of a Higgs boson decaying mostly to bottom quarks is present in CDF and D0 data, with a combined significance corresponding to approximately three standard deviations. The data is used to set constraints on the coupling of the new boson to SM particles, and to test the spin-parity structure of the Higgs boson. The data for both coupling and spin-parity analyses favor the SM Higgs interpretation within the experimental uncertainties.
